Background. In the present situation, when production and use of nanomaterials are developing very quickly, assessment of risks in the field of nanotechnologies, hygienic regulation, exposure control of nanomaterials at workplace, becomes a tasks of high priority. All these need an assessment of workers' exposure to nanoparticles in occupational settings. Purpose. To determine nanoparticle emissions to the air of the working zone in different work activities and to evaluate modern methods of the exposure control of nanomaterials at workplace. Materials and methods. A concentration of nanoparticles in the air of the working zone was measured by the diffusion aerosol spectrometer DAS-2702. Results. According to levels of nanoparticle emissions to the air of the working zone, the E-beam synthesis in vacuum as well as traditional industrial processes (electric welding, secondary lead melting) are the most potentially dangerous. Conclusions. Nanoparticle emissions to the air of the working zone can occur in both nanotechnological and traditional processes. An exposure control is needed in both situations and requires modern measuring devices and specially developed sampling methods.
Introduction
Nowadays, high-priority issues in nanosafety are as followed: investigations of the toxicity of nanoparticles and new material; monitoring of occupational exposure; analysis of the potential risks for human health and the environment as well as occupational hazards; minimizing negative effects and sharing the information on probable risks. Today, a nanomaterial is defined as material with at least one outer dimension in the scale of 1-100 nm or with inner or surface nanosized structure. A nanostructural material is described as the material, which is characterized by inner or surface nanostructure. Nanomaterials are devided into nanoobjects (nanoparticles, nanofibres, nanoplates, etc.) and nanostructural materials (nanostructural powder, nanocomposite, etc.). A nanoparticle is a nanoobject with all three dimensions in the nanoscale [1, 2] .
At the current stage of nanotechnology development, when the number of workers, having occupational contact with nanomaterials, is constantly increasing, the assessment of risks in the sphere of nanotechnologies, hygienic regulations, and exposure control of nanomaterials at workplace, turn to be tasks of high priority. The nanomaterial control is aimed at detection, identification and characterization of nanomaterials in the air of the working zone. All this is impossible without assessment of exposure at workplace.
The British Standards Institution (BSI) recommends the following devices for direct measuring of the number, mass and surface area for nanopartcles [3] :
Measurement of the number of nanoparticles: 1) Condensation particle counter (CPC) provides real-time number concentration measurements between particle diameter detection limits. They operate by condensing vapor onto sampled particles and detecting/counting the droplets formed; 2) Differential mobility particle sizer (DMPS) is used for real-time size-selective detection of the number of concentrations and shows a number-based size distribution; 3) Electron microscopy (scanning electronic microscopy (SEM), transparent electron microscopy TEM) can provide information on size-specific aerosol number concentrations. Measurements of mass of nanoparticles: 1) Size selective static sampler (with a cut-off point of approximately 100 nm) is used for analyzing samples by gravimetric weighing or for chemical analyses. Some cascade impactors are with selection points around 100 nm and can be used for such purposes; 2) Tapered element oscillating microbalance (TEOM) is a sensitive real-time monitor, which can be used to measure nanoaerosol mass concentrations online, with a suitable size-selective inlet.
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ОРИГІНАЛЬНІ СТАТТІ Surface area measurements: 1) Diffusion charger is used for a real-time measurement of aerosol active surface area. Diffusion chargers are specific only for nanoparticles if used with an appropriate inlet pre-separator; 2) Electrostatic low pressure impactor (ELPI) makes it possible to provide a real-time size-selective (aerodynamic diameter) detection of an active surface area concentration; 3) Electron microscopy (SEM, TEM) can show information on a particle surface area concerning the size. Using TEM it is possible to receive the direct information on the projected area of the collected particles, related to a geometric area for some particle shapes. The abovementioned devices can be also used for indirect measurements [3] . The ELPI data on the aerosol size distributions can be interpreted in terms of the number or mass concentration; size-selected samples can be further analyzed off-line. The same way, with DMPS it is possible to calculate mass concentrations of aerosols on the base of aerosol size distribution. ELPI and DMPS can be used for mass concentration of aerosols calculations only if the particle charge and density are assumed or known. DMPS, giving aerosol size distribution, also makes it possible to calculate a surface area. ELPI and DMPS can be used in parallel: differences in the measured aerodynamics and mobility help to obtain particle fractal dimension, which can be used to estimate a surface area.
The purpose of the present work was to determine emission of nanoparticles to the air of the working zone under different working processes and to evaluate modern methods of the exposure control of nanomaterials in the workplace environment.
Materials and methods
The concentration of nanoparticles in the air of the working zone was measured by the diffusion aerosol spectrometer DAS-2702 (a diffusion aerosol charger).
Researches on the following production processes were carried out: the E-beam synthesis in vacuum of metal powders with nanostructure; mechanical activation and mechanical synthesis of nanosized powders of metals; chemical synthesis of CdS nanoparticles in gelatin with and without heating; melting of secondary lead (an experimental model); electric welding; processing of the plant raw materials; manual dosing of the chrysotile asbestos.
Results and discussion
The first step in organization of the control of a hazard is to prepare a list of compounds, which can enter the air of the working zone at every workplace. In this, it is necessary to take into account special features of technological processes, temperature regime, number of emitted hazard compounds as well as physicalchemical properties of substances, being under the control, and their ability to transformation due to oxidation, degradation, hydrolysis or other process. Also, duration of workers' presence in the production area within a shift as well as a type of a workplace (permanent or temporary) should be taken into account.
Elements of the system of the exposure control in the workplace environment include: monitoring of hazardous work conditions; control of ventilation system effectiveness; control of personal protective equipment (with account of its changes and/or cleaning frequency; storage conditions); control of the equipment sanitization; control of keeping to instructions on safety.
Until a nanomaterial class of hazard has not been established officially (in the frame of hygienic regulations), each individual nanomaterial should be considered as a new product, which can be potentially hazardous for humans. In order to find a dangerous technological area, processes and sources of nanoaerosol emissions to the air of the working zone, control of its maximum concentration, is carried out.
Our own experimental researches show that nanoparticle emissions to the air of the working zone can occur during processes, where nanomaterials are being involved, as well as under traditional processes, which are not related to nanomaterial processing or production (Table) [4, 5] .
The data on nanoparticle concentrations can be compared preliminary with the following benchmark levels: -for metals, metal oxides and other biologically stable dispersed nanomaterials with density > 6000 kg/m 3 concentration of nanoparticles in the range of 1-100 nm should not exceed 20000 particles/cm 3 ; -for biologically stable dispersed nanomaterials with the density of < 6000 kg/m 3 concentration of nanoparticles, ranging 1-100 nm, should not exceed 40000 particles/cm 3 .
According to these benchmark levels the E-beam, synthesis in vacuum as well as in traditional work processes (electric welding, secondary lead melting), are most potentially dangerous.
At the same time the assessment of the nanomaterial exposure at workplace requires not only determination of nanoparticle concentrations in the air of the working zone, but, also, use of different sampling methods for further physical-chemical analysis of nanoparticles.
For example, in order to measure physical properties of nanoparticles, a method of their sampling, described in [6], can be used. The method includes mixing an aerosol sample with vapor absorber in the camera-receiver with further vapor condensing onto sampled particles. After this, physical measurements can be done, using registration by Tyndall scattering (light scattering of particles).
For determination of size, elemental composition and mass concentration of nanoparticles in the air of the working zone the next method can be used. The air is aspirated by the sampler through Zaitsev absorber, which contains deionized water. The sample is filtered, using syringe with a membrane disk filter (filter diameter 25 mm, pore size 100 nm) in the attached filter holder. The filtration makes it possible to collect only particles with size <100 nm. The concentration and elemental composition of nanoparti-cles are determined by ІСР-АЕС method, and their size can be established with a nanosizer [7] .
In order to increase the accuracy of qualitative and quantitative determination of metal nanoparticles in the gas media, a sampling process can include stretching of the gas phase through the filter (on the base of propylene microfibers), which detains particles of >100 nm, with further concentration of nanoparticles in the absorber solution (0,05 % water solution of mildly cationic flocculant), for preventing their aggregation [8] .
An approach to hygienic monitoring of nanoparticle content in the air of the working premises is based on the use of water-soluble polyvinylpyrolidone nanofilters, able to detain aerosol particles, sized 1-10 µm [9].
Conclusion
Nanoparticle emissions to the air of the working zone can occur during work activities, related to nanoparticle processing and/or production (e. g. E-beam synthesis in vacuum of metal nanostructure powders) as well as under traditional work processes not related to nanotechnologies (e. g. electric welding). An exposure control is needed in both situations and requires modern measuring devices and specially developed sampling methods. 
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К ВОПРОСУ КОНТРОЛЯ НАНОМАТЕРИАЛОВ В ПРОИЗВОДСТВЕННОЙ СРЕДЕ
ГУ «Институт медицины труда НАМН Украины», г. Киев
Состояние проблемы. В современных условиях, когда быстрыми темпами растет производство и применение наноматериалов, первоочередной задачей является оценка риска в сфере нанотехнологий, гигиеническое нормирование, контроль наноматериалов в производственной среде. Это в свою очередь требует оценки экспозиции работающих на рабочих местах. Цель исследования -определить эмиссию наночастиц в воздух рабочей зоны при различных производственных процессах и оценить современные методы контроля наноматериалов в производственной среде. Материалы и методы исследования. Концентрацию наночастиц в воздухе рабочей зоны измеряли на диффузном аэрозольном спектрометре ДАС-2707. Результаты. Исходя из уровней эмиссии наночастиц в воздух рабочей зоны, наиболее потенциальная опасность связана с таким нанотехнологическим процессом, как электронно-лучевой синтез в вакууме, а также с производственными процессами, которые не связаны с нанотехнологиями (электросварка, выплавка вторичного свинца). Выводы. Установлено, что эмиссией наночастиц в воздух рабочей зоны могут сопровождаться как производственные процессы, конечным продуктом которых являются наноматериалы, так и традиционные процессы, которые не являются нанотехнологическими. Производственный контроль наноматериалов требует современных измерительных устройств и применения специально разработанных для этих целей методик отбора проб. 
